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We apply the boundary string eld theory (BSFT) to a unstable D-brane system to
study the open-closed string duality at one loop in the presence of the tachyon condensa-
tion. The partition function at one-loop level is calculated by using both open and closed
string channels. We nd that the results from two dierent channels coincide, thus the





The boundary string eld theory (BSFT) [1, 2] has been proved to be a useful tool to study
the dynamics of the D-branes in string theory. It is this framework where the tachyon
condensation on unstable D-brane systems has been discussed extensively in recent works
[3, 4, 5, 6, 7, 8, 9, 10, 11, 12]. Given a specic form of the tachyon prole, the BSFT
yields the string partition function, thus, the eective action for the tachyon potential
in the most ecient way. The BSFT also has been extended to the case of superstring
theories in refs. [3, 11, 13, 14, 15, 16, 17, 18]. The results obtained in those studies conrm
Sen’s conjecture; as the tachyon condensation develops, the unstable open string vacuum
spontaneously rolls down to the stable closed string vacuum.
The extension of the BSFT to the one-loop level is also studied recently in refs. [19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30]. One may employ two dierent schemes to calculate
the one-loop partition function. One is to use the open string channel, which adopts the
open string Green function on an annulus [19, 20, 21, 22, 23, 24, 25, 26], and the other
is to use the closed string channel [24, 27, 28, 29, 30], which adopts the boundary state
formulation [31]. In the second scheme the geometry of the string world sheet is given
by a cylinder. A of gure 1 depicts the one-loop diagram in the open string channel. If









As depicted by B of gure 1), the same diagram can be viewed in the closed string channel
as follows; a closed string appears from a D-brane and propagates to another (or the same)
D-brane. The initial and the nal states of the closed string are described by boundary
states jBi and the one-loop partition function is obtained as





As is well known, the the partition functions obtained in two dierent channels agree on-






Figure 1: A. Open string channel. B. Closed string channel.
the open-closed string duality is valid even in the presence of the tachyon condensation,
o-shell. At the tree level, it already has been shown that the evaluation of the disk
diagram in the open string channel agrees with that in the closed string channel in the
tachyon background. Since the boundary state formulation entirely depends on the open-
closed string duality, it is important to clarify this issue.
In the next section, we discuss the bosonic string theory at one-loop in the background
of the tachyon condensation and show that the open-closed string duality holds even o-
shell. In section 3, we extend it to the supersymmetric theory. Section 4 concludes the
paper with some discussions.
2 Bosonic String Field Theory at One-loop
We start with the action
















Sbndy describes the interactions between the string and the background, which may be
expanded as
V = T (X) + Aµ(X)∂σXµ + Cµν∂σXµ∂σXν +    . (4)
In this paper, we only consider the tachyon eld background, which take the following
simple form





Open string channel - Annulus







Throughout this paper we are only concerned with the string variables in the direction
where the tachyon condensation takes place. So we omit the space-time indices hereafter.
The geometry of the world sheet for the one loop diagram is an annulus with a  r  b,














One may consider an alternative form of the boundary action, which makes use of the














However, if we take S 0bndy as the boundary action, we would encounter diculties such as
the breakdown of the Fischler-Susskind mechanism [32] as pointed out in ref. [25]. Hence,
the theory may become singular. If we turn on the tachyon condensation, the system is
no longer conformally invariant. But we expect that the system is invariant under the
following transformation, z ! ab/z, which maps the inner boundary of the annulus onto
the outer boundary vice versa. It is obvious that S 0bndy does not respect this symmetry
while Sbndy does [24]. For these reasons we take Sbndy Eq.(7) as the boundary action.
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It follows from the action (3) that the world sheet Green’s function
4zG(z, w) = −4piδ(2)(z − w), (9)













GB(z, w)jr=b = 0, (10)
which read in the complex coordinates (z, z) = (reiσ, re−iσ) [19, 20] as
∂z ∂z¯G(z, w) = −2piδ(2)(z − w), (11)
with the boundary conditions
(z∂ + z ∂ − ua)GB(z, w)jr=a = 0,
(z∂ + z ∂ + ub)GB(z, w)jr=b = 0. (12)
An explicit form of the Green function is obtained by solving this boundary problem
[19]. The partition function is then determined by Eq.(1) up to a integration constant cB




















where Tp is the tension of the Dp-brane. Here we set α
0 = 2. Since we consider the case
where both ends of the open string are attached on the same D-brane, ua = ub = u.
Choosing b = 1 for the sake of simplicity, we obtain









(n+ u)2 − (n− u)2a2n . (14)
4
Closed string channel - Cylinder
In the closed string channel, the one-loop diagram is a cylinder. A closed string comes
out from the D-brane and propagates onto the D-brane. The interaction between the
D-brane background and the string is encoded in the initial and nal states of the closed
string, which are termed the boundary states. Construction of the boundary state begins
with dening the boundary states fjXig which form a basis for the closed string states
X^jXi = XjXi, (15)









2inσ + (ayn + ~an)e
−2inσ}









where σ 2 [0, pi] and [an, aym] = [~an, ~aym] = δnm. For a given boundary action Sbndy the
boundary state is constructed as
jBi = Tp
∫
D[x, x]eiSbndy[x,x¯]jx, xi. (16)
Choosing Sbndy Eq.(6) as the boundary action in order to describe the tachyon background






















where jxi is dened as
x^0jxi = xjxi, aynjxi = ~aynjxi = 0, (18)
where n = 1, 2, 3, . . .. (Note that the tachyon prole parameter u in the ref. [27] diers
from that in the ref. [21] by 1/4pi.)
We can calculate the partition function by making use of Eq.(2)































































Comparing the partition function (19) in the closed string channel with that (14) in

















we nd that they coincide if we choose
τ = − ln a, cB = 4pi3/2. (21)
Thus, the open-closed string duality is shown to be valid o-shell.
3 Superstring Field Theory at One-loop
In this section, we extend our previous discussion on the open-closed string duality to
the superstring theory. The bulk action in the supersymmetric theory is given as the








∂Xµ ∂X + ψ ∂ψ + ~ψ∂ ~ψ
)
, (22)
where ψ and ~ψ are the holomophic and antiholomophic fermionic elds. The interac-









(T (X))2 + (ψ∂T )
1
∂σ







In order to produce the same tachyon prole in the bosonic sector as in the bosonic string
theory we choose T (X) = uX. The total world sheet action for the superstring is
S = Sbulk + Sbndy. (24)
Open string channel - Annulus
The bosonic part is exactly the same as in the bosonic string theory discussed in
the last section. The superstring has two dierent fermionic sectors, depending on the
boundary conditions for the fermion elds; R-R sector and NS-NS sector. In this paper
we only consider the NS − NS sector. The equations for the fermion Green functions,
following from the superstring action Eq.(24) are
∂GF (z, w) = −i
p
zwδ(2)(z − w),
∂ ~GF (z, w) = +i
p



































where G(z, w) and ~G(~z, ~w) are the holomophic and antiholomophic fermion Green func-
tion, and y  u2.
Explicit expressions of the fermion Green functions can be found in [21]. Then a
simple integration over y yields the partition function in the superstring theory Eq.(1).
Up to a constant cS the partition function is obtained as [21]
1




2y − y2 ln a
1∏
n=1
(n+ 2y)2 − (n− 2y)2an
[(n+ y)2 − (n− y)2a2n]2 . (27)
1This expression differs by a factor 4y from that of ref. [21] due to a different choice of regularization
scheme. Similar to the disk case, as mentioned in [15], this difference does not affect any physical
quantities. However, we may easily remove this factor by choosing an alternative regularization scheme
as following: In ref. [21], the divergences of bosonic Green function and fermionic Green function cancels
each other and leaves a constant (−8 ln 2), which leads to the 4y factor in the partition function. If we




X(θ)X(θ)− ln(1− ei)− ln(1− e−i)]
for both bosonic and fermionic Green functions separately, we will obtain the expression (27).
7
The normalization of the one-loop partition function taken here is consistent with refs.
[15, 33].
Closed string channel - Cylinder
In the superstring theory the boundary state may be given as jBi = jBBi⊗jBF i. Here
jBBi, describing the interaction between the bosonic degrees of freedom of the superstring
and the tachyon condensation background, is already given by Eq.(17). The interaction
between the fermion degrees of freedom and the tachyon condensation background is
encoded in jBF i. Construction of the fermionic part of the boundary state is similar to
































fbr, bysg = δrs, f~br,~bysg = δrs.










































byrj0F i = ~byrj0F i = 0.
As in the bosonic sector the contribution of the fermionic sector to the partition
function is written as the expectation value of the superstring propagator
ZF (y, τ) = hBF j exp
[























































Thus, the total partition function may be written as
ZS(y, τ) = 2

































At a glance, as in the bosonic case, we nd that, the partition function in the closed
string channel Eq.(34) is the same as the partition function in the open string channel
Eq.(27) up to a constant. Comparison between two results yields
τ = − ln a, cS = 4pi3/2. (36)
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4 Discussion
The open-closed string duality is one of the important features of the string theory. It
is this duality that the boundary state formulation is entirely based on. It is also this
duality that Polchinski [34] utilized to explore the fundamental properties of the D-branes.
However, until recently use of the open-closed string duality has been limited to on-shell.
Recently the boundary state formulation has been proven to be useful to discuss the
tachyon condensation. So, it becomes important to understand the open-closed string
duality o-shell. From the recent works we learn that the open-closed string duality holds
o-shell at the tree level. In this paper we show that the duality is valid in the bosonic
string theory at the one-loop level by comparing the one-loop partition function in the
open string channel with that in the closed string channel. We also show that the open-
closed string duality applies to the superstring o-shell. The one loop partition function
of the superstring in the closed string channel is calculated explicitly by making use of the
boundary state formulation. A direct comparison of it to the partition function obtained
in the open string channel [21] conrms that the open-closed string duality is also eective
for the superstring o-shell at the one loop level. We expect that the open-closed string
duality holds at all higher loop levels of the superstring o-shell. So it helps us to study
the tachyon condensation at higher loop levels.
We conclude this paper with a remark on the infrared xed point limit. In the infrared
xed limit, u ! 1 and the unstable Dp-brane turns into a lower dimensional D-brane.
It has shown at the tree level by explicit calculations of the partition function on a
disk [15, 16, 27]. From the explicit calculation given in this paper we also observe this
phenomenon at one loop level. It follows from Eq.(19) that the partition function of the
bosonic string theory reduces to
lim











in the infrared xed point limit. Since the propagator of the zero mode with initial and
nal points xed is given as






the infrared xed point limit of ZB can be understood as
lim
u!1ZB(u, τ) = (8pi
2T 2p )hDje−τ(L0+L˜0)jDi (39)
where jDi corresponds to the boundary state with the Dirichlet boundary condition.
Thus, the one-loop partition function of the Dp-brane reduces to that of D(p-1)-brane.
Then it implies that 8pi2T 2p = T
2




The infrared xed point limit of the one-loop partition function of the superstring Eq.(34)
can be discussed in a similar way.
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